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ABSTRACT

Atmospheric density profiles were measured on nine occa-
sions during the Fish Bowl Series. Five of these measurements
were of the normal atmosphere, at different times of day and
seasons, and four were made following nuclear detonations. The
measurements of the normal attmosphere were made at different
times so that accurate information would be available on diurnal
and other variations. This data was ol3ta.1ned: (1) to provide in-
formation for an accurate analysis of blast and shock wave data,
(2) to provide density data that would permit a more precise
determination of the Thor re-entry trajectory for Blue Gill and,
(3) to provide data so that the ionization produced by a test can be .
accurately related to the radiation that produces it.

The technique used was to eject a sphere, instrumented with
an accelerometer and telemetry transmitter, from the second
stage of a Nike-Cajun rocket, The sphere was tracked by a
ground station, and the recorded data gave drag acceleration as a
function of time of flight, This yielded density,and with the use of
additional theory, temperature and pressure were deduced. Ex-
cellent data was obtained from all rockets,and exceptin one case,

it corresponded to altitudes between 30 and 110 km, The back-
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ground data is in general agreement with the available models,
but there are some important differences. In addition, it will
make it possible to extend the present Tropical Atmosphere model
from 90 to 110 km,

The measurements after the nucllear detonations were made
to measure heating of the atmosphere and related pressure and
density changes produced by the fireball, Rockets were launched
at H + 10 minutes on Check Mate, H + 15 minutes on Blue Gill
Triple Prime, H + 10 minutes on King Fish, and H + 4 minutes on
Tight Rope. Pressure and density changes as large as 50 percent
from normal were recorded. Maximum temperature increase ob-
served was 40 degrees C., except following Tight Rope when the
increase (relatively close to the fireball) may have been more

than 300 degrees C,
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CHAPTER 1
INTRODUCTION
1.1 OBJECTIVES

The Falling Sphere experiment was used to determine
profiles of ambient air density within the range 20 to 110 km,
Pressure and temperature as a function of altitude have been
deduced from the density data,

The first experimental objective in support of the Fish
Bowl Series was to make accurate measurements of the physical
properties of the normal atmosphere (1) .to provide information
required for an accurate analysis of blast and shock wave data,
(2) to provide density data permitting a more precise deter-
mination of the Thor re-entry trajectory and, (3) to provide
data required for accurate determination of the functional
relationship between the ionization produced by the detonation
and the radiation that produced it.

The second objective was to make measurements shortly
after.ea.ch nuclear detonation to measure heating and changes
in atmospheric density and pressure in the vicinity of the fire-
ball, This data is not only of interest as an effect due to the

detonation, but is also necessary to analyze accurately data



obtained by several other projects,
1.2 BACKGROUND

For several reasons it is desirable to measure the physi-
cal properties of the upper atmosphere before and after high-
altitude nuclear tests. Alphatron and other ionization gauges are
not suitable, since the radiation and resulting ionization from the
detonation and debris would invalidate their readings. The
Falling Sphere is not affected by radiation or increased ioniza-
tion and is an ideal instrument to use under these conditions.
One of the applications of the data obtained with the Falling
Sphere is to relate radiation fluxes to ionization produced. This
will make it possible to determine whether the test data is con-
sistent with tﬁeoretical calculations based, in part, on laboratory
ionization measurements,

Details of the theory of operation, earlier development
and results of previous firin'gs are contained in References 1, 2,
3, 4, 5, and 6,

In the Falling Sphere experiment,air density is calculated

from the equation for aerodynamic drag applied to a free-falling
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7-inch rigid aluminum sphere containing a transit-time acceler-
ometer with omni-directional characteristics. The sphere con-
tains its own telemetry system and is ejected from a Nike-
Cajun rocket at an altitude of about 60 km during the up-leg
portion of the trajectory., It continues in a trajectory similar |
to that of the rocket and reaches a peak altitude of approximately
150 kim., The accelerometer commences operation on ejection
from the rocket and measures the atmospheric drag on the
sphere until the drag reaches the lower limit of sensitivity of
the instrument, which is about 10'4g. This generally occurs be-
tween an altitude of 105 and 110 km. On the downleg of the
flight, measurements begin again at the same altitude and con-
tinue tﬁrough the large decelerations encountered in the re-
entry region.

The telemetered drag acceleration data is used primarily
to calculate atmospheric density, However, to make this data
meaningful, the sphere trajectory must be accurately known. By
successive integration of the acceleration data,the velocity and
trajectory can be determined. As a result of the fact that the
acceleration is not measured throughout the flight it is neces-
sary to have accurate position data on the sphere at one instant

during its flight (e.g., at the peak of the trajectory). This has
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TiEme s

to be supplied by radar or other tracking system,

The original instrumentation developed by the University
of Michigan for the Air Force Cambridge Research Laboratories
(AFCRL) had several limitations, During the past four years
the in-house effort of the Upper Atmosphere Physics Laboratory,
AFCRL, with its associated contractors, has been directed
toward minimizing these limitations by (1) extending the useful
range of the system, (2) increasing accuracy and reliability,
and (3) developing a relatively inexpensive system that may be
adapted for use in synoptic measurements, Among other benefits,
the effort has resulted in the development of more sensitive
accelerometers, also based on the time-of-flight principle,
These accelerometers operated without failure during the Fish
Bowl Series.

During Fish Bowl, nine rockets were fired containing
Falling Sphére instrumentation to measure the properties of the
upper atmosphere, Eight of these flights used accelerometers
of Type I, described in Section 2.2, 2 of this report. On thelast
flight (Rocket 9 on Tight Rope) a new accelerometer (Type I)
with promise of a still greater dynamic range was used. This

new instrument was designed and developed by the Upper Air

Research Laboratory, University of Utah, Salt Lake City, Utah,

18



(principal support contractor to AFCRL on Project 9,1A), Al-
though the new accelerometer was a pilot model, it performed
successfully and is also described in Section 2. 2,2,

1.3 THEORY

The forces acting on a free-falling sphere are gravitational

attraction and atmospheric drag. By the proper choice of

measurement reference system the drag force can be made the

significant parameter of interest.

21 2
The drag force, FD = -Z-CDAV p (1.1)
where,
CD = drag coefficient (dimensionless)

A = sphere cross-sectional area (cmz)
V = sphere velocity (cm/sec)

air density (gm /cm3)

o)
n

where,
m = mass of sphere (gm)
ay = drag acceleration of sphere (cm/secz)
Therefore,
ol 1= 2_m:__._D (1.2)
A V°Ch

19



which is the familiar equation of aerodynamic drag for a free-
falling sphere with air density expressed explicitly. The mass-
‘to-area ratio of the sphere is a known constant,and Cp varies
slowly as a function of Mach and Reynolds numbers in the
measurement environment, Drag acceleration is calculated

from a_ = i’—, where T is the accelerometer transit time

D T2
and s is the displacement, in any direction, between acceler-
ometer bobbin and cavity at the beginning of a transit-time
measurement.

Using spl'.xere data alone, changes in velocity can be ob-
tained by integrating the total acceleration, which is the vector
sum of g, the acceleration due to gravity, and an, the sphere
drag acceleration. In general, some assumptions have to be
made or additional data used in order to obtain the sphere tra-
jectory. For example, the horizontal component of veiocity
must be determined by radar measurement of estimated from
previous flight data, If desired, the error in these values can
be made smaller through reiterative processes,

To calculate temperature the hydrostatic equation and the

equation of state for a perfect gas are combined. An expression

is obtained that may be used to determine temperature in an

20



altitude range of measured densities based upon an assumed
value of temperature at one end of the altitude range. This is

shown in the following:

dp =-pg dh (1. 3)
. R
P = (1.4)
= R
Pg = Po -M-To (1.5)
P-Py = -[h ge dh (1.6)
)
where,
P = atmospheric pressure at altitude h
P, = atmospheric pressure at altitude ho
g = acceleration due to gravity (a function of
altitude)
R = universal gas constant

M = mean molecular weight for air

0 temperature at altitude h

T°_= temperature at altitude ho

The above equations can be combined to obtain

T = - + (1.7)

To determine T, a value must be assumed for To' Fortunately,
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as the interval h - h, becomes large, the first term dominates,
and any error in T due to inaccuracy in 'I‘o becomes negli-
gible, For example, with an altitude interval of 15km the
first term is about ten times the magnitude of the second term.
The preu&'re P is then obtained from p and T using

Equation 1.4 .
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CHAPTER 2

PROCEDURE

2.1 SHOT PARTICIPATION

Nine Falling Sphere probe experiments were flown in sup-
port of the Fish Bowl Series. All of these flights were success-
ful,and excellent data was obtained. The original plan called
for three experimental probes; one each to be launched before
Blue Gill and Star Fish, and another to be launched following the
Blue Gill nuclear detonation, Due to failures of several of the
nuclear tests the schedule had to be revised to include the use of
additional payloads,

During the first part of Fish Bowl four Falling Sphere
rockets were fired, Data was obtained on flights launched on
1 June, 19 June, 8 July (preceding Star Fish), and 23 July 1962, thereby
providing a series of desired measurements on the normal at-
mosphere. Since the measurements were made at different
times during the afternoon and night,it is possible to study
diurnal variations of atmospheric properties.

Shot participation during the second pa.r;: of the series was

focussed upon obtaining detonation results on the events des-

cribed in Table 2.1. Five Falling Sphere rockets were launched
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during the second part of Fish Bowl. One rocket was fired to
measure the properties of the normal atmosphere so that the
results could be compared with those of the previous firings,
Although the statistical basis is limited, this one measurement
may give an indication of the seasonal variation of atmospheric
properties. In addition, four rockets w?re fired at times
ranging from 4 to 15 minutes following each successful nuclear
detonation to determine if significant changes occurred in the
physical properties of the atmosphere near the region traversed
by the nuclear fireball. These launch times, referred toH=0,

are listed below:

EVENT - LAUNCH TIME
CHECK MATE H 4+ 10 minutes

BLUE GILL TriplePrime H+ 15 minutes
KING FISH H + 10 minutes
TIGHT ROPE H + 4 minutes

2.2 INSTRUMENTATION (AIRBORNE)

The major components of the Fzlling Sphere airborne in-
strumentation consisted of, (1) a 7-inch rigid sphere containing
a transit-time accelerometer with associated electronics for

telemetry, (2) timing and ejection mechanism for deploying the
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sphere at the appropriate altitude during flight, and (3) a C-band
beacon for obtaining radar tracking data,

Each of the first four payloads flown was equipped with a
radar beacon, During the' planning stages of the latter portion
of the series, it was not possible to determine in advance
whether radar support would be in the form of passive tracking
or beacon interrogation, This was due to tracking problems
which occurred during the first part of the series, Therefore,
the last five payloads were designed so that they could be flown
with or without radar beacons. Further discussion of beacon
equipment and radar tracking support will be presented in
Sections 2.2,.6 and 2.4. 2 of this report.

The accelerometers used in the first eight firings (Type I)
were fabricated from a basic design developed jointly by AFCRL,
Raymond Engineering Laboratory, Inc., Middletown, Conn.,
(Reference 7), and the University of Utah, Salt Lake City, Utah
(Reference 6). The flight instruments were supplied by
Raymond Engineering Laboratory. On the last event of the
series (Tight Rope), anew accelerometer (Type II) with im-
proved performance characteristics was flown with successful

results, This prototype instrument was developed and fabricated
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by the University of Utah for the purpose of extending the
measurement capability of the accelerometer in the high drag
acceleration region,

2.2.1 Sphere, The 7-inch diameter of the sphere was not

an arbitrary choice, but was mutually determined by the dimen-
sions of the Cajun rocket and the accelerometer., The sphere
was machined in three sections from solid bar aluminum alloy
(Alcoa 7075 - T4). It contained all instrumentation necessary

to telemeter sphere drag data to ground-based telemetry stations,
The center section served as a mounting base for all components,
Two end caps were used as covers to complete the spherical
geometry.

The sphere instrumentation may be divided into three cate-
gories: (1) a time-of-flight accelerometer with omni-directional
sensitivity; (2) electronic timing, circuitry, and power supply;
and (3) telemetry transmitter and antenna, The photograph in
Figure 2.1 shows three views of the sphere. In the left position
the top cover is removed to show the placement of parts. The
semi-circular insulating barrier in the foreground is placed
over the battery terminals to prevent short-circuiting when the

sphere cover is assembled. One end of the ac:elerometer can
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be seen projecting through the center of the mounting plate. The
remaining components consist of power transistors, timing
module, and inter-connecting cables.

The center view shows the sphere completely assembled
with both covers in place. The white strip along the center
section is a Teflon fairing that is used to cover the slot antenna
and to minimize surface discontinuities. This ma;.erial is trans-
parent to radio-frequency radiation at 730 Mc. The bottom cover
is removed from the sphere shown on the right side o.f the photo-
graph, The opposite end of the accelerometer can b;: seen pro-
jecting axially through the center of the mounting base. The
transmitter is housed in two shielded sections located in the
upper half of the base plate, It is coupled to the antenna by means
of a coaxial cable which has a characteristic impedance of 50 chms.
Modular construction was employed throughout to facilitate assem-
bly, wiring, tésting,and servicing. Formerly, the sphere covers
had been secured to the center section by means of machine
screws threaded into each end of the accelerometer, This
method produced mechanical stresses on both the acc'e.lerometer
and the sphere. A study of the problem revealed that these forces

were great enough to alter the accelerometer calibration and also
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cause distortion of the sphere, A new method was developed for
assembly of the covers that eliminated both undesirable features
of the earlier design. This resulted in the covers being attached
to tine center section by means of interrupted threado. around
their edges. The accelerometer was mounted on the base plate
of the center section and was, therefore, independent of the
sphere covers,

The absence of mechanical stresses on the sphere covers pro-
vided improved sphericity which made it possible to obtain more
accurate final balance of the sphere. This was a significant con-
tribution,since accelerometer sensitivity and accuracy would be
limited at high altitudes by centrifugal acceleration if the bobbin
was mounted oéf-center and the sphere “-ras lﬁinning. In order to
make centrifugal acceleration negligible,it was necessary to lo-
cate the center of gravity of the sphere within two or three
thousandths of an inch of the common geometrical centers of the
sphere and the centered bobbin. This was accomplished by
floating the sphere in a liquid having nea.-rly twice its density
(tetrabromoethane) and observing the period of rotation due to
unbalanced masses. By proper placement of lead masses within

the sphere,a coarse balance was obtained after all of the com-
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ponents were assembled, The final balance was obtained after
the flight batteries were installed and all other tests had been
completed. The use of Yardney PM-1 Silvercells also made
possible a refinement in sphere-balancing technique. These
cells were similar to the Yardney HR-1 in both physical size
and electrical characteristics, but in addition they contained a
felt insert that absorbed residual ele;:trolyte. This reduced the
number of multiple balance points which had been due to shifting
of the excess electrolyte within the cells as the sphere was
rotated.

A jig was used to maintain sphere orientation during the
final assembly while the covers were firmly screwed into position
by means of strap wrenches. In order to prevent voltage break-
down of electronic components at high altitudes, atmospheric
pressure was maintained in the sphere through the use of O-ring .
seals, During pre-flight tests, the sphere was pressurized to
15 pounds through a removable pneumatic valve equipped with a pres-
sure guage, The leak rate was then observed to determine whether
atmospheric pressure could be maintained in the sphere for the
duration of the flight.

Another result of instrumentation redesign worthy of
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mention was a 24% reduction in weight of the assembled sphere,
This made possible a 24% increase in the sensitivity of the drag
acceleration measurement, provided the values of other param-
eters in the drag equation re;'nained unchanged, The average
value of sphere flight times observed during Fish Bowl was
approximately 20% longer than the average of those previously
reported for the earlier sphere, This was due mainly to the
difference in cross-sectional area to mass ratio,

2.2,2 Omni-directional Accelerometer, In order to

measure the drag force imposed upon the sphere during its tra-
jectory irrespective of its orientation, it was necessary to use
an omni-directional accelerometer. In the so-called transit-
time accelerometer, simple spherical geometry was employed
in the sensing element to achieve this objective, A precision-
ground spherical ball (the bobbin or reference mass) was placed
in a spherical cavity located at the center of the accelerometer,
The walls of the cavity were covered with a switching matrix
which will be described in more detail later in the text, The
bobbin could be positioned in the exact center of the cavity by
means of four hydraulically actuated locating or centering pins,

The hydraulic forces were generated by the action of two solenoid
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armatures, one at each end of the accelerometer. The motion
of the armatures toward the center of the accelerometer pro-
duced compression of a pair of bellows located at opposite ends
of the hydraulic line. A cutaway drawing of the accelerometer
is shown in Figure 2.2, Some of the components are shown in
greater detail inthe schematic view of the accelerometer shown in
Figure 2.3. |

Initial velocity imparted to the bobbin upon release is a
source of error in the measurement,and its contribution becomes
serious at high altitudes where the drag acceleration is low,
Therefore, considerable effort was spent in developing an accel-
erometer design that would reduce this problem to a minimum.
In order to accomplish this each solenoid and its associated
armature was connected to all four centering pins through a suit-
able hydraulic circuit,which is shown in the schematic drawing of
Figure 2.4, A centering pin and bellows were located at each
point designated “P” in the drawing. The contact surfaces of the
centering pins lay on a sphere having a diameter slightly larger
than that of the bobbin,in order to provide unobstructed release.
Initial velocity could not be imparted to the bobbin except in the

case of a sticking pin. As a result of this arrangement all
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centering pins experienced hydraulic forces simultaneously and,
therefore, moved at the same time, This design was an im-
provement ovex; the original transit-time accelerometer in
which.two centering fingers were actuated by different solenoids
which could react at different times.

The matrix switch lining the cavity walls of the accelerom-
eter was the key element in the instrument design. It was
formed in two halves to match the surfaces of the two hemi-
spherical metal cavities, The first step in the fabrication con-
sisted of forming a screen woven with No, 40 guage insulated
magnet wire, 100 wires/inch, both in weft and warp. In the so-
called two-over-two basket-weave design employed, each
wire in the screen, shown in the top view of Figure 2.5, really
consisted of two parallel wires. The objective of this method
was to maintain reliability in the event that one wire was
damaged during the required sizing operations which will be dis-
cussed below. If one of the parallel wires wa; broken at a
joint, there would have been another wire along side it to maintain
electrical conductivity.

The construction of the two halves of the accelerometer

cavity is identicals therefore,the following description applies to
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both., A bead of solder was run around the periphery of the blank
screen. This bonded the loose ends together and provided the
rigid support necessary for subsequent operations. The solder
bead also made all wires of the screen electrically common. The
next step was to form the screen into a hemisphere by means of
drawing dies, It was then bonded to the surface of a metal hemi-
shperical cavity, The high point of each joint of the screen was
stripped of insulation and potting compound, The Stripese in-
sulation used was easily vaporized by the heat of a soldering
iron, while excess potting compound was removed by lapping

the screen with a precision-ground sizing tool. This operation
also produced the desired sphericity.

The remaining task was to connect all of the weft wires to-
gether, and likewise, all of the warp wires in order to form the
two switch terminals, To separate the weft from the warp wires,
small notches were cut in the four corners of the formed screen
as illustrated in the lower left (before cutting) and lower right
(after cutting) of Figure 2.5, With the weft of the screen con-
nected to one side of the circuit and the warp to the other,
switch closure resulted when the bobbin fell on any two ad-

jacent bared high spots. The operation of the matrix switch may
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be further clarified by referring to the top illustration of
Figure 2,5,

Partial assembly of an accelerometer cavity section is
shown in lf'igure 2.6, Final operations to be performed on this
piece included bonding, lapping, gold plating, and connecting
leads, As previously noted, two such hemispherical sections
formed a complete cavity assembly,

Initially, both the matrix switch and bobbin were gold
plated to insure high electrical conductivity when the bobbin
made contact with the cavity wall, However, some difficulty was
experienced with short-circuiting of the screen due to flaking of
plating material, Originally,it was beligved that the bobbin was
the source of this problem. Consequently, rhodium-plated
bobbins were substituted for the gold-plated one, but this failed
to provide a complete solution, It was concluded that some of the
flaking originated within the matrix switch itself., Steps have
been taken to correct this situation in thg future, As a result of
rigorous pre-flight testing and remedial action, this problem
caused no degradation of the flight results.

In operation,an electrical pulse of approximately 200-milli-

second duration was delivered to both solenoids, thus actuating
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the four centering pins., These pins centered the bobbin so that
the displacement between bobbin and cavity was approximately
0.062 inch, The average deviation from this value, measured
in any direction, was % 0,001 inch. At the end of the centering
pulse, the solenoids relaxed to their rest positions. Small
springs located under the head of each centering pin caused
them to be simultaneously retracted with great force, This
action released the bobbin, allowing it to free-fall to the wall
of the cavity, Coincident with bobbin release, a 20-micro-
second pulse was generated and transmitted to the ground
stations, Its characteristic width identified it as the start-
pulse of an interval that provided a measure of time required
for th;s bobbin to traverse the fixed fall distance of 0.062 inch,
At bobbin impact the matrix switch was closed, thus signaling
the end of the transit-time. Coincident with impact time, a
10-microsecond pulse was generated and transmitted to the
ground stations to complete an accelerometer transit-time
measurement. At a finite time following bobbin impact,the accel-
erometer cycle was repeated.

Measurements made by the Type I accelerometer were in the

range from 4 x 1073 to 4g with an error of approximately 1,0%.
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Although this operating range was suitable for the flights made
during the Fish Bowl Series, it was considered desirable to ex-
tend the measurement capability of the instrument to 10g in the
high drag acceleration region, The Type II accelero‘meter was
developed to achieve this objective.

The principal modification consisted of eliminating the low
efficiency hydraulic actuator and substituting in its place an
electromagnetic drive system similar to the voice coil arrange-
ment of a conventional loudspeaker. The magnetic drive force
was applied directly to the centering pins by means of a pair of
cylindrical fingers, each terminated with two diverging prongs,
When the associated solenoids were energized by an electrical
pulse, the dire.ction of current flow in each coil was such that the
fingers were driven rapidly toward the center of the accelerometer.
At the end of their travel each pair of diverging prongs forcefully
engaged the centering pins (similar to those of Type 1 accelerom-
eter), thereby causing the bobbin to be centered,

When tested on a centrifuge this new instrument measured
accelerations up to 10 g with the desired accuracy. However, be-
cause of second-stage failure on B‘;cket 9 (Tight Rope),per-

formance data obtained on the Type Il accelerometer was limited.
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The sphere did not attain sufficient altitude to enter the region of
low drag acceleration; also, the maximum drag acceleration it
experienced during the flight was only 1,5g. The experimental
results obtained were nevertheless very interesting and will b.e

discussed in Chapter 3,
The recycling programs of the accelerometers of Fypes I and

II were such that in the high drag region of the atmosphere, which
was near 30 km on the downleg portion of the sphere trajectory, it
was possible to obtain approximately three transit-time measure-
ments pe.r second, However, in the region of low drag, near zenith
altitude, a single transit-time measurement sometimes exceeded
two seconds, This feature of variable recycle time removed one
of the .experirnental restrictions imposed by earlier instrumenta-

tion, Previously, the accelerometer had been periodically cycled

by 2 motor-driven eccentric cam which permitted only one
measurement per second, even when the transit-times were as
short as 15 milliseconds, At altitudes where the transit-time ex-
ceeded 800 milliseconds, no data was obtained, because the
bobbin was recentered before it completed its fall.

The transit-time measurements obtained from the acceler-
ometer and associated circuitry consituted the raw experimental

data, This data was obtained as a function of elapsed time from
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rocket launch, Sphere drag acceleration, which is proportional
to the inverse square of transit-time, was obtained from a simple
calculation,

2,2,3 Sphere Electronics and Operation, A physical des-

cription of the sphere and accelerometer has been presented in
Sections 2,2,1 and 2,2,2, The operational principles of the
sphere electronics are illustrated by the functional block diagram
and schematic drawing of Figure 2,7, In the simplified drawing
of the accelerometer, the two centering pins shown actually
represent two pairs of pins, one at the top and one at the bottom
of the 1-inch bobbin, The pins forming the top pair are electrically
connected to each other, but their are insulated from the bottom
pair except when both sets touch the bobbin, This connection
through the bobbin was used to determine release time as ex-
plained below, Also shown in the block diagram is a circular
segment on each side of the bobbin. Each seg;ent represents a
portion of the two-terminal matrix switch previously described,
The bobbin, on making contact with two screen wires at the end
of its fall, short-circuited a low dc voltage that was applied be-

tween the two sets of wires which formed the matrix switch, In

this manner an impact signal was produced., The timing multi-
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vibrator provided a signal that was amplified and fed to the mag-
netic drive transistor (designated as driver in the block diagram),
This energized the coils and caused the 'bobbin to be centered in
its spherical cavity, The cycle was repeated with the bobbin being
alternately centered and released.

The cycle of operation can readily be understood when the
experimental requirements that determined it are presented, In
order to obtain the maximum amount of experimental data on a
given flight the following conditions were imposed on the electronic
control circuitry; (1) the bobbin should not be re-centered until
sufficient time had been allowed for it to complete its fall and
make contact with the cavity switch, (2) the bobbin should be re-
centered immediately after making contact, except when the fall
time was equal to or less than 0, 3 sec.,, (3) a short delay should
occur before re-centering if the bobbin transit-time was less
than 0, 3sec,, and (4) re-centering should be accomplished after
a reasonable time (2,5 sec., in this case) in the event the bobbin
failed to make good contact with the matrix switch. The first of
these conditions was met by a hold-off diode in the flip-flop circuit,
the second by sending the impact signal to the flip-flop which in

turn initiated the timing multivibrator. The third condition was
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provided for by a choice of time constant in the timing multi-
vibrator,and the fourth by an over-ride circuit,

For the sake of simplicity some details of circuit description
have Been omitted in previous discussions, Thus far, we };ave
mentioned only one pulse that was propagated at the time of bob-
bin release, Actually, two release signals were used to deter-
mine the bobbin time-of-fall, One was taken from the centrol
signal to the magnetic drive transistor and preceded the actual
time of release by approximately 0.4 millisecond. However,
this time did not remain constant throughout the sphere flight,
The other signal was obtained by breaking a circuit as the center-
ing pins separated from the bobbin. The #ormer was used for
timing the fali when it was large compared to 1 millisecond, The
initial release and bobbin impact signals were fed, via the flip-
flop circuit, to the modulator where, by means of delay lines,
they produced a 20-microsecond pulse corresponding to bobbin
release and a 10-microsecond pulse corre_sponding to bobbin
impact, respectively, A second release signal was produced
when contact between pins and bobbin was broken. This signal was
fed to the modulator where it produced a 30-microsecond pulse

which was also propagated to ground-based statlons, This pulse
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made it possible to correct the time-of-fall for every measure-
ment obtained during a flight, thereby increasing the accuracy of
the experiment, Although the pulse waveform was not rectangular,
it had a steep lea;iing edge that made it useful for triggering timing
equipment used to obtain time-of-fall corrections when the data
was being reduced,

A fourth signal was produced in the modulator and will be
referred to as the sub-modulator pulse. This pulse had a width
of about 5 microseconds and a repetition frequency of approxi-
mately 65 to 125 pulses/second. The repetition rate was made to
vary as a function of temperature by including a thermistor as
part of the resistance-capacitance circuit in the free-running
blocking oscillator that produced the 5-microsecond pulses, This
provided a measure of the internal temperature of the sphere
during flight, The sub-modulator pulse was also transmitted to
the ground stations and, when demodulated, produced an audible
signal that assisted in tracking the sphere, The data obtained on
the internal temperature of the sphere will be used by the Univ,
of Utah to advance the development of sphere electronics,

2.2,4 Circuit Description. The timing of the bobbin release

and pickup was accomplished by the timer module which consisted
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primarily of two multivibrators., The circuit diagram is shown
in Figure 2.8, The multivibrator, made up of transistors Q1
and QZ‘ was basically a monostable or one-shot configuration;
however, it was made free-running 'by a gate signal from the bi-
stable multivibrator, Q, and Qg. The lign.al from the collector
of Q] was amplified by Q3 and sent to the base of the magnetic
drive transistor, Q7, as shown in Figure 2,9, The collector
current of Q. passed through the accelerometer coils, L3 and
L4 (Figure 2,9) and caused the bobbin to be centered whenever
Q7 was in the conducting stage. The release of the bobbin by
the centering pins occurred when the cut-off transistor Q1
started to conduct, The amplified release signal from the col-
lector of Q3 ‘was applied not only to the magnetic drive circuit
but also back through connector PL-1, pin 3, to the base of Q4
causing it to conduct. The effect of this action was to reduce Q;
and QZ to a2 one-shot multivibrator as long as Q4 was conducting,
The discussion immediately following assumes the fall time
of the bobbin to be in excess of 0,3 sec, The second case, for
fall times equal to or less than 0,3 sec., will be treated later,
As shown by the schematic diagram of Figure 2,8, the released

bobbin on making contact with the matrix switch raised the
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potential of the base QS’ thereby turning off Q,. This raised
the potential of the base of Q, causing it to conduct, After the
switching time of the multivibrator, the cycle was repeated,
The release command was fed from the collector of Q, to the
modulator which is sﬁown in Figure 2,10, Here a 20-micro-
second pulse was formed by the pulse forming network (PFN),
Ll' The contact signal was fed from the collector of Qg to the
modulator where a 10-microsecond pulse was produced by PFN,
L,. These two pulses were diode mixed and fed to the base of
Q9. After amplification they controlled the modulator transis-
tors Q10 and Qll' The output of the modulator transistor was
stepped up through transformer T; to plate modulate the trans-
mitter,

For the case of fall times equal to or less than 0, 3 sec,, the
time constant in the base of Qz held off the transistor for the
minimum time of 0,3 sec.

If the fall time was greater than 2,5 sec,, or if proper con-
tact was. not made in this time interval, the override circuit
started a new cycle, The time constant in the base of Q¢ caused

it to conduct, sending a signal to the base of Q5 to initiate a new

cycle.
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The transmitter, Figure 2,11, is a 730-Mc, 15-watt peak pulse
power transmitter that was modulated by the appropriate pulses
‘described above, The oscillator, Vl. operated at 365 Mc with
V, serving ;o a buffer and frequency doubler stage, Tube V3
operated as a grounded grid power amplifier,

The antenna was a slot cut into the .sphere and filled with a
Rexolite dielectric, A Teflon cover was used as a fairing to
smooth out surface discontinuities on the sphere, Impedence
match was obtained by selection of the feed point of the slot.

The power supply, Figure 2,12, for the sphere circuits
described above consisted of a transistor converter for producing
dc potentials of +80, -9, and +1.3 volts from an input of 6-volt dc.
Transistors d13 and Q14 were operated as switches utilizing
the saturation characteristics of the ferrite core of trax.msformer
Tz.

The sub-modulator was a free-running blocking oscillator,
le. Its frequency was determined by the resistance-capacitance
time constant in its base, This time constant was determined by
the 0. 05-microfarad capacitor, the 100 k-ohm resistor, and the
resistance of a thermistor located on the sphere center section,

The resistance of the thermistor, and therefo~e the frequency of



the blocking oscillator, was a function of the temperature of
the sphere. The circuit was switched on by applying a negative
pulse to the emitter of the oscillator so that it would free-run

. until the bobbin was released, It was then switched off until
contact was made,

2,2,5 Ejection Mechanism. The ejection of the sphere

was accomplished by means of a mechanical timer, blasting
caps, and an appropriate mechanical design. Ejection times
were pre-determined, taking into account the rocket trajectory
and the altitude and position of the nuclear detonation,

The sphere was mounted between two threaded sections of
the payload called the upper and lower sphere holders. Springs
locatea in the base of each sphere holder were employed to
constrain the sphere when it was in the assembled position, A
frangible magnesium ring with inside threads was used to obtain
a secure butt joint between the two sections that enclosed the
sphere, Four blasting caps were embedded in cavities which
were spaced 90 degrees apart along the outside threaded section
of the lower sphere holder, Two of these cavities can be seen in
the photograph shown in Figure 2,13, Mounted inside of the

assembly was an acceleration-sensitive timer that was initiated
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at rocket lift-off, At a pre-set time the closure of a switch on
the timer caused detonation of the explosives, The magnesium
ring was shattered, permitting the springs to push the sphere
holders apart, thereby deploying the sphere. In the photograph
shown in Figure 2,14, the timer (Raymond Engineering Labora-
tory Model 1060-18G), Ledex switch used for monitoring purposes,
umbilical connector, and battery box can be seen located in the
lower sphere holder (left)) The magnesium ring is seen at the
bottom of this inverted view of the lower sphere holder. The
interior of the upper sphere holder is shown on the right side

of this photograph, Components associated with the sphere
battery-.charging circuit are seen at the top of the photograph.
The addition'of this circuitry permitted long stand-by periods
before actual rocket launch, One of the ejection springs can be
seen at the center of the upper sphere holder,and a fairing ring
is shown at its base, In Figure 2,15 the upper sphere holder

is in the same position as it appeared in the previous photograph.,
However, the lower sphere holder (left) is shown in its upright
position to show the location of ejection spring, batteries, and
terminal boards for electrical circuits associated with the

ejection mechanism,
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Ejection timers were carefully set and checked before each
flight, Operational variations from the pre-set values were ob-
served to be less than 0,1 sec. on all flights, based upon recorded
data, During the first part of the series, the nominal value for
ejection time on the four flights was 55 sec., However, during the
second part of Fish Bowl,ejection times were set as low as 51,6
sec, on Tight Rope and as high as 57,3 sec. on King Fish, Other
ejection times were: Check Mate, 53,6 sec,; Blue Gill Triple
Prime, 54,92 sec.; background shot, 55.04 sec. Based upon
radar data, these ejection times corresponded to altitudes be-
tween 190, 000 and 220,000 feet, except for the sphere that failed
to achieve a normal trajectory following Tight Rope. The effec-
tive launch elevation angles varied between 83 and 86 degrees,
depending upon trajectory requirements,

The altitude at which the sphere was deployed was chosen so
that trajectories of the rocket and the sphere would be essentially
the same up to peak altitude due to the low drag acceleration en-
countered. This facilitated the determination of sphere peak alti-
tude from radar observations,

2,2,6 Radar Beacon. Photographs of a typical C-band radar

beacon assembly used with the Falling Sphere payloads are shown
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in Figures 2,16 and 2,17, Figure 2,16 sixowu the complete beacon
installation with only the access skin-plate removed. In Figure
2.17 the base-plate of the beacon section is removed to show a
more detailed view of the component arrangement, The beacon
assembly consisted of a 14, 5-inch section mounted posteriorly to
the lower sphere holder, The C-band beacons (radar transponder,
Model C/T-CV, 551) were supplied by Aero Geo Astro Corpora-
tion, Alexandria, Virginia, The antennas, which can be seen
(Figures 2,16 and 2,17) mounted 180 degrees apart on the skin of
the beacon section, were supplied by the Physical Sciences Labora-
tory, New Mexico State University at Las Cruces, N. M,

The four flights completed during the first part of the series
were equipped with beacons. The equipment worked satisfactorily
in all cas‘es. However, some difficulties were experienced by the
DAMP Ship on Rockets 1 and 2,and no usable radar tracking data
was recovered, The results obtained on Rockets 3 and 4 were
more satisfactory, The problems in obtaining good radar track-
ing by DAMP Ship were due partly to its varying distance and
location with respect to the launch site, Consequently, during the
second part of the Fish Bowl Series, tracking support was requested and

obtained from the Pacific Missile Range (PMR) Range Tracker which had the
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ad{rantage. of fixed location and no motion due to the sea, Since
PMR expre.ned a preferer.xce for passive tracking (skin tracking
of a target by means of reflected signals only),no radar beacons
were employéd with these payloads, although the beacon assem-
blies were fabricated and available for immediate use,

2,2.7 Assembled Ryload . A photograph of the individual

payload components is shown in Figure 2,18, The critical dimen-
sions and weights are listed below each item, When all of these
components were assembled, the complete payload configuration
appeared as in the photograph shown in Figure 2,19, It was ap-
proximately 57 inches long,and it weighed approximately 62 1b.,
including 9 1b, of leaq ballast at the tip of the nose cone to in-
crease the stability of the rocket during flight, The nose cone
carried no instrumentation.

The beacon section was eliminated on the payloads flown
during the second part of the series, This reduced the payload
length to approximately 42,5 inches and the weight to approxi-
mately 40 1b., These changes in the payload configuration were
compensated for by adding enough lead ballast inside the tip of
the nose cone to raise the total weight to about 55 1b, This pro-

vided the necessary flight stability,
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2.2,8 Rocket Operation, The fin alignment data and per-

formance of the Nike-Cajun rockets used to carry Falling Sphere

payloads aloft are discussed in this section. For all Project 9,12
flights the spin of the Nike was adjusted for 2 rps (ARC SVG Atlantic
Research Corporation, Space Vehicles Group or Asrolab fins) while

the Cajun fin assembly was adjusted for zero
spin (5 flights with ARC SVG, no wedges; 4 flights withAerolab

fins, no wedges), The use of lead ballast in the nose cone has been

discussed. Figure 2,20 shows a photograph of the Nike-Cajun,with
sphere payload attached, on the launcher. Except for the failure
to obtain second-stage ignition on thelast rocket (Tight Rope)all

flights were normal,

A summary of Project 9.1a rocket launchings is presented

in Table 2.2.
2.3 INSTRUMENTATION (GROUND-BASED)

Two ground stations were employed in the Falling Sphere

experiment for the purpose of, (1) establishing a time reference
signal initiated by a first-motion switch on the rocket launcher,

(2) receiving signals telemetered from the sphere, (3) providing
electronic discrimination (in pulse width and amplitude) as a
means of minimizing spurious pulses, and (4) accepting and
storing the data in a suitable form for processing, The two

manned stations operated independently of each other, but they
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obtained identical information, The reliability of the experiment
was thereby increased through the use of redundancy.

A simplified functional block diagram of the main ground
station is presented in Figure 2,21, The description that follows
applies to both stations,since the back-up station diffex;ed only
in minor details,

Frequenc‘y divider circuits in the time base generator per-

mitted the use of reference signals that were compatible with the

frequency response of each type of recorder used for data storage.

A digital clock was also driven from the time-base generator,
This allowed ground station operators to observe the progress
of the sphere flight in real time, from ejection to impact. Ata
specified time preceding rocket lift-off,a first-motion switch on
the launcher was appropriately connected to the time-base
generator so that the output signals were cut off, The signal
level could be restored for testing purposes by means of a first-
motion defeat switch installed at the ground station, At rocket
lift-off, the first-motion switch operated, the digital clock
commenced counting time, and the pulse decoder unit presented
the time reference signals to the recorders and display equip-

ment,
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After ejection of the sphere,signals were picked up by two
oppositely polarized helical antennae, These were remotely
directed to obtain maximum signal strength from the sphere,
Both visual and aural electronic aids were used to obtain good
sphere tracking, Separate pre-amplifiers were located at the
base of each antenna, These boosted the level of received sig-
nals before transferring them to' separate receivers, The ef-
fects of fading due to spinning of the sphere were minimized by
electronically mixing the outputs of the two receivers in the pulse
decoder unit, The resultant signal was one of nearly constant
amplitude,although the receivers were not equipped with auto-
matic gain control (AGC) circuits,

Noise rejection circuits, such as limiters and pulse width
discriminators,were employed in the pulse decoder unit in order
to improve the quality of signals in the presence of high-level
interference,

Separate pulse width discriminators provided unambiguous
start and stop pulses to the recorders that were employed to
store the data, These start and stop pulses corresponded to ac-
celerometer bobbin release and impact times, respectively.

The arrival of the first start pulse from the sphere initiated
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a time interval measurement in the digital read-out equipment

that was completed with a stop pulse. The time of occurrence
(to 2 hundredth of a second) referred to rocket lift-off, and the

numerical value of the iransit-time measurement (to the nearest
hundredth of 2 millisecond) were immediately printed out on

paper tape, The sequence was repeated for each transit-time

measurement,

The time base (reference signals) and accelerometer transit-
time measurements were also stored in'a 7-channel magnetic tape
recorder, Two channels were used for recording elapsed time,
while the remaining five channels were employed to store transit-

time measurements with and without noise rejection,

A four-channel Brush strip cixart recorder was user to store
the same basic data but with somewhat reduced accuracy due to
lower frequency response inherent in the instrument. This recorder
served as a coarse back-up for data storage and was also used for
pre-flight testing, A photograph of part of the main ground station
during laboratory checkout is shown in Figure 2,22, The direct
read-out equipment may be seen in the foreground,

In principle, the operation of the second ground station was

the same as that of the main station, The circuitry employed
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was somewhat less sophisticated but completely adequate, It
was operated from a separate location within line of sight of
" the rocket launcher,

2,4 DATA REQUIREMENTS

2.4,1 Data Obtained by Project, Measurements obtained

from sphere telemetry information were the raw experimental
data obtained by the project from a successful flight, The data
was used to compute sphere drag acceleration as a function of
elapsed time from rocket lift-off, This constituted the first

step in the data reduction process required to obtain atmospheric
density, temperature,and pressure profiles.

2.4.2 Radar Tracking, An accurate analysis of the experi-

mental resuita obtained required good radar tracking data on the
Cajun rocket or the sphere, The trajectory of the sphere was
determined by performing double numerical integrations using
as initial values the peak altitude and peak time of the sphere.
Peakaltitude can best be provided by an accurate radar track.
The correct altitude assignment of density, temperature,and
pressure profiles depended upon the accuracy of this radar data,
On the other hand, sphere peak time can be more'accurately de-

rived from analysis of the drag acceleration data obtained during
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the flight of the sphere.

2,4.3 Meteorological Support. Density, pressure, and

temperature data up to 30 km was a prime experimental require-
ment, Rawinsonde data was obtained on all Project 9.1a flights
of the series with the exception of Rockets 2 and 3, Unfortunate-
ly, the data available was limited to 25 km, Therefore, it was
necessary to match the density data obtained from sphere telem-
etry with extrapolated values of Rawinsonde density, From the
theory (Section 1, 3) it can be seen that to calculate the tempera-
ture at one altitude the temperature at some other altitude must
be known, Since a good value of temperature obtained from a
balloon measurement was not available at the required altitude,
a temperature had to be assumed, However, the resulting in-

accuracy was not large,
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TABLE 2,1 EVENT DESCRIPTION
Event Time (Z) Yield (kt) Altitude (km)
{(nominal
1962
Star Fish 09 0900 July 1400 400,15
(Prime)
Check Mate 20 0830 Oct
Blue Gill 26 1000 Oct
(Triple Prime)
King Fish 01 1210 Nov
Tight Rope 04 0730 Nov

TABLE 2,2 SUMMARY OF ROCKET LAUNCHINGS (Nike-Cajuns)

Rocket No. Date Launch Time
: Hours (local time) Referred to H=0
1962

1 1 June 1800 (H - 4 hours)* Blue Gill

2 19 June 2230 (H - 1 hour )* Star Fish

3 8 July 2230 H - 30 minutes Star Fish Prime*#

4 23 July 1920 (H - 2 hr, 40 min)* Blue Gill Prime

5 19 Oct 2240 H + 10 minutes Check Mate *+

6 26 Oct 0015 H + 15 minutes Blue Gill #*.
Triple Prime

7 29 Oct 2300 N/A Background
measurement

8 1 Nov 0220 H + 10 minutes King Fish *¥

9 3 Nov 2134 H + 4 minutes Tight Rope **

* With reference to start of the detonation window.

** Nuclear detonation.
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THE ELECTRICAL INSULATION IS REMOVED FROM THE WIRE AT
EACH INTERSECTION. TO COMPLETE THE CIRCUIT (CLOSE THE SWITCH),
THE BOBBIN SHORTS ANY SPQT MARKED “X" TO ANY ADJACENT
SPOT MARKED"0'". EACH "WIRE" ACTUALLY CONSISTS OF TWO WIRES
LAID SIDE BY SIDE.

SOLDER BEAD

WEFT IS SEPARATED FROM WARP BY CUTTING AwAY
A SMALL SECTION OF EACH CORNER OF THE SCREEN
AS SHOWN,

Figure 2.5 Schematic drawings of matrix switch details,
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Figure 2.6 Photograph of partially
assembled accelerometer cavity

(half section).

]

(AFCRL 153-421)

RELEASE
TRANSMITTER
MODULATOR
(730 MC) RELEASE
— ORIVE
3 g SCREEN
ik o
0y
ACCELEROMETER
TIMING MV N FLIP=~FLOP DRIVE COILS
MAGNETIC DRIVE
DRIVER Sy SWITCH
TRANSISTOR

Figure 2.7 Functional block diagram of sphere instrumentation.
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Figure 2.11 730-Mc sphere transmitter, circuit diagram.
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Figure 2.12 Sphere power supply, circuit diagram,
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Figure 2.13 Photograph of sphere ejection assembly. (AFCRL 153-40)
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68

14 Photograph of sphere ejection and monitoring components. (AFCRL 153-298)-

Figure 2.
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(AFCRL 153-299)

Figure 2.15 Photograph of upper and lower sphere holders (interior view).
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Figure 2.18 Photograph of payload components. (AFCRL 153-417),
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Figure 2.19 Photograph
of assembled payload.
(AFCRL 153-431)
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CHAPTER 3

RESULTS

3.1 SUMMARY

A Falling Sphere rocket wds successfully fired preceding
each attempted nuclear detonation during the first part of Fish
Bowl (Rockets 1 through 4), Excellent data was obtain;d from
each flight, In addition, another measurement was made on the
normal atmosphere (Rocket 7) during the second part of the series
for comparison with other pre-test data, These flights were
made at different times of the day and night during the interval
between June 1 and October 29, 1962 (see Table 2.2). The data
obtained will permit a study of diurnal and seasonal variations
of atmospheric properties in the vicinity of the test site,

Successful measurements were also obtained from flights
made shortly after the nuclea;' detonations on Check Mate, Blue
Gill Triple Prime, King Fish,and Tight Rope., Changes in the
physical properties of the atmosphere did occur, However, the
magnitude of the changes was not as great as expected in

some cases,

3.2 DRAG ACCELERATION DATA
The raw data obtained from the sphere during its flight
(K



consisted of measurements of accelerometer transit-times (T) as
a function of elapsed time referred to rocket lift-off. Drag accel-
eration, corresponding to each measuret;aent, .was computed fro.m
the equation

ap = 2 s/12, (3.1)
where ap is the mean drag acceleration during the time inter-
val T, s is the fixed displacement between the centered bobbin
of the accelerometer and its cavity, and Tis the time required
for the accelerometer bobbin to complete a fall after release,
Curves of drag acceleration versus elapsed time were then plotted
for use in subsequent data processing and analysis, Drag accel-
eration curves for each of the nine Project 9. 1a flights are pre-
sented in Figures 3,1 through 3,9,

The following general comments apply to all the drag accel-
eration data except that shown in Figure 3,9 which will be treated
separately, The sphere was ejected from the rocket at a pre-
determined time after launch, Coincident with ejection, an auto-
matic switch initiated operation of the accelerometer, Signals
telemetered from the sphere were received in real time and
recorded at the ground-based stations, Ejection times for each

flight are presented in Table 3,7, This gives a summary of
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sphere trajectory data referred to rocket launch time (also see
Section 2,2.5), As the sphere ascended in a path approximating
that of the rocket, the observed drag acceleration diminished until
an altitude was attained where the accelerometer could no longer
respond to the minute drag accelerations encountered by the
sphere. This is evidenced by increased scatter in the data as

the drag curve approached a plateau-like region at the bottom of
the curve, The data obtained just preceding or immediately fol-
lowing this region in each curve corresponded to the highest
altitude for which drag acceleration measurements were made by
the sphere (in the range 103-112 km), The plateau region con-
sists of experimental points of nearly constant value, In general,
they are parallel to the time axis and nearly symmetrical with
respect to sphere peak time, These experimental points resulted
from the pre-set over-ride circuit in the sphere electronics
(Sections 2,2,3 and 2,2,4) and do not constitute actual measure-
ments of drag acceleration, The plateau region of the curve was
used to determine the low-g sensitivity of each flight accelerom-
eter and to prevent spurious drag acceleration results, The
threshold sensitivity of the flight accelerometers varied from

approximately 6 x 10-3ft/sec? (1.87 x 10~%g) to 9,54 x 10" 4t/sec?
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(2,97 x 10'53). Although this latter value represents more than
1.5 orders of magnitude improvement in sensitivity over previous
models, it is believed that accelerometers now under development
will exhibit even greater measurement capability at high altitudes,
It is now known.that the threshold sensitivity of the accelerometers
was limited in part by inadequate electrical contact between bob-
bin and cavity switch when the pressure exerted at bobbin impact
was very small (of the order of milligrams),

On the descending portion of the sphere trajectory, approx-
imately 90-95 seconds after peak time, the drag forces encountered
by the sphere again became large enough for accurate measure-
ment by the accelerometer, Good measurements were then ob-
tained until tﬁe.sphere approached re-entry conditions, Here the
drag accelerations rapidly increased to nearly 6g. However, at
this value of acceleration, the accelerometer no longer functioned
satisfactorily, because the force required to center the bobbin
was larger than that available, Thus, in this region of high drag,
spurious accelerations larger than the actual accelerations were
indicated, When the retarding acceleration decreased, the

accelerometer once again functioned normally.
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Figure 3.1 is a curve of the drag acceleration data obtained
on Rocket 1, This rocket was launched four hours before the
scheduled Blue Gill detonation, The sphere was ejected from
the Nike-Cajun rocket approximately 56 seconds after launch,

The time of ejection corresponded very closely with the time of
the first data point on the curve, The upleg portion of the mean
drag data is represented in the figure by a straight line with a
negative slope. Approximately 80% of the upleg data fell on this
line, although some scatter in the data was observed as the sphere
approached the altitude where the drag acceleration became less
than 6 x ;0'3ft/secz.

During the elapsed time interval between 100 and 275 seconds,
approximately, the experimental points describe a line nearly
parallel to the time axis (zero slope), This represents an
electronically determined value of accelerometer threshold
sensitivity, but does not constitute a measurement of drag ac-
celeration, It is the plateau region previously described, Ata
time corresponding to the mid-point of the plateau (187,7 seconds
referred to rocket launch) the sphere reached peak altitude and
then began its descent, After 275 seconds of elapsed time drag

acceleration measurements were again obtained from the sphere,
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The mean drag data of the downleg portion of the curve is
represented by the straight line with a positive slope. The slope
.remained constant until the sphere approached re-entry conditions,
Here the slope began to decrease, The peak drag acceleration
deduced from calculations corresponded to the inflection point
of the curve which occurred at approximately 350 seconds., At
later times the slope of the curve became increasingly negative
until it reached another plateau-like region where the scatter in
the data was most probably due to atmospheric turbulence., This
conclusion is justified on the basis that the accelerometer per-
forms with great reliability and accuracy in this range of drag
accelcrations,

Due to tﬁe additional air resistance offered by the sphere, its
impact time was about 483 seconds compared to approximately
375 seconds for the Cajun rocket, The sphere reached ground
level with a speed of about 150 ft/sec (approximately 100 miles /
hour) although its peak velocity was over 4000 ft/sec, emphasizing
the sharp retardation due to atmospheric drag.

It is also interesting to note that in the time interval, 56 to
90 seconds, the rate of data acquisition was slightly more than

one point per second, while in the 20-second interval between
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310 and 330 seconds, the rate of acquisition was just over two
points per second. This illustrates the capability of the instru-
mentation to handle data at a rate compatible with the changing
drag force imposed upon the sphere during its flight.

The data obtained from Rocket 2, fired
at 2230W on 19 June 1962, was generally similar to that ob-
tained from Rocket 1, However, as observed in Figure 3,2, the
quality of the data was vastly improved, It can be seen that the ex-
perimental points provided a much better approximation to
straight lines than the data of Figure 3,1, This was probably
due to better performance characteristics of the accelerometer
used during this flight, or it could be attributed in part to more
accurate balancing of the sphere, thus minimizing inaccuracies
due to spin effects. On this flight,sphere ejection also occurred
at approximately 56 seconds after rocket launch, but the sphere
reached zenith altitude almost 2 seconds later than the previous
one, probably due to a slightly higher launch elevation angle,
The effective angle of elevation was estimated to be 85° for
Rocket 2 compared to 83° for Rocket 1, Impact time was 486,28
seconds,

Except for small differences in related values of ejection
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time, peak time, peak altitude, and impact time (see Table 3,7)
the general comments on the first two curves of drag acceleration
versus elapsed time apply to Rockets 3, 4, and 7 (see Figures 3, 3,
3.4 and 3.7). Rocket 3 was fired on 8 July 1962

Rocket 4 was fired on 23 July 1962. In each case, acceleration
data of good quality was obtained,and the points were spaced suf-
ficiently close over the region of measurement to obtain a linear
function without resorting to excessive smoothing,

It should be mentioned again that Rocket 7, Figure 3,7, was
fired for the purpose of obtaining background data on the normal
atmosphere,and hence, was not associated directly with a nuclear
test. On this flight the sphere was ejected at approximately
55 seconds after launch and impact was recorded at 492 seconds,
This was the longest flight recorded for rockets used to make
measurements on the normal atmosphere, This can be accounted
for in part by the difference in payload weights, Since no beacon
equipment was required on Rockets 5,6,7,8,and 9, the average
payload weight was reduced to 55 Ib compared to about 62 1b for
Rockets 1 through 4, The spread in impact times for Rockets 1,

2, 3, 4,and 7 was only 9 seconds (a minimum value of 483 seconds

for Rocket 1 and a maximum value of 492 seconds for Rocket 7).
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The average impact time for these flights was 486,67 seconds,
The drag acceleration data obtained during the Chec\k Mate
event (Rocket 5) is presented in the curve Figure 3.5, The
Falling Sphere probe was launched at H + 10 minutes, The first
sphere signal was recorded at 53, 74 seconds after rocket launch,
indicating normal ejection, The first three or four measurements
of drag acceleration obtained immdiately following ejection gave
spurious values that were smaller than the actual ambient values,
This was probably due to the short-duration disturbances set up
in the surrounding atmosphere by the explosion that was associated
with ejection, Excellent data was obtained over the useful range of
the gccelerometer. However, this curve exhibits some features
that are significantly different from those obtained from measure-
ments made on an atmosphere undisturbed by 2 nuclear detonation,
With reasonable assumptions, both theory and experiment predict
that the drag function in a normal atmosphere should vary nearly
exponentially with altitude, Hence, a semi-log plot of the upleg
and downleg drag acceleration data should give approximately
straight lines of equal, but opposite slopes, However, this curve
shows a change in slope occurring in both the upleg and downleg

portions of the flight, The available data suggests that the ob-
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served deviations in slopes were produced by nuclear test
effects. Furthermore, the dataindicates that the sphere was in
flight for 505 seconds after rocket launch, This flight duration
is about 18 seconds longer than the average of those flown in an
undisturbed atmosphere., The unusually long flight time observed
after Check Mate was probably due to atmospheric disturbances
induced by the nuclear test,

A Falling Sphere probe (Rocket 6) was launched 15 minutes
after the Blue Gill Triple Prime burst, The drag acceleration data
obtained from this flight is shown in Figure 3,6, Although one
can detect a very small change of slope in the drag acceleration
data, the abrupt changes observed in Figure 3,5 are not present

_in this curve, Sphere ejection was accomplished at the pre-
determined time of 55 seconds after launch, The flightdurationwas
495 seconds; 3 seconds longer than that of the background shot
(Rocket 7) in an undisturbed atmosphere, and 10 seconds shorter
than the Check Mate flight (Focket 5).

The drag acceleration data obtained from a sphere probe
launched at H + 10 minutes on the King Fish event is shown in
Figure 3,8, The sphere was ejected at 57 seconds after launch.

This later ejection time, a lower angle of elevation (83° effective),

and an appropriate azimuth were chosen so the sphere would
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more closely enter the region disturbed by the test, The sphere
impact time of 492 seconds was 9 seconds later than that of the
background shot, Rocket 1, which was fired at the same effective
angle of elevation (83°). The change in slope of the dov.vnleg ;.c-
celeration curve indicated that the density (or its percentagedevia-
tion from normal) changed sharply at this time, which corresponded
to an altitude of about 55 km, This indication is confirmed by the
density data which is plotted in Figure 3,27 and discussed in
Section 4.1 , |

The data obtained after the Tight Rope event (Rocket 9) re-
quires special consideration due to second-stage ignition failure
on the. Nike-Cajun rocket. The rocket was launched at H + 4 min,
The drag acceleration curve presented in Figure 3,9 shows that
normal ejection occurred at 51,57 seconds afte:i launch, The
curve looks quite different from those previously presented,
This is because drag acceleration data was obtained through the
peak of the sphere trajectory due to thewlow altitude ( and low
velocity) at which sphere ejection occurred., The observed drag
acceleration was 4 ft/secz at ejection and decreased to approxi-
mately 0, 26 ft/secZ at peak altitude, The highest acceleration

was 48 ft/set:Z (about 1.5 g) except in the region of turbulence

where there existed a wide spread in drag acceleration values.,
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The sphere impacted at 211 seconds, The new accelerometer
developed by the University of Utah was flown in this sphere, The
data indicated that the instrument worked very well throughout

the limited flight, but conditions were not favorable enough to
compare performance with the other type accelerometer used
during the series,

It should be noted that no notic.eable attenuation of the
telemetry signal at 730 Mc was observed in the flights following
nuclear detonations, However, this probably would not have been
the case if the flights had been at earlier times following the
detonation and had been positioned so that the signal had to
traverse the fireball to be received.

3.3 PEAK TIME DERIVATION

The peak time of a sphere flight refers to that time at which
the sphere attains maximum altitude., Its gccurate determination
is quite essential to the data reduction process, An error in peak
time produces a less accurate sphere trajectory, andthis inac-
curacy is reflected in the final results, The peak times can be
deduced, in principle, from the drag acceleration curves in
Figures 3. ‘1 through 3.9, but greater accuracy can be obtained
from the use of the special plots shown in Figures 3,10 through

3.18 (Rockets 1 through 9).
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It was assumed that the drag acceleration was symmetrical
with regard to peak time, Therefore, peak time for each sphere
trajectory was determined by .carefv..xlly comparing tht'a time inter-
cepts of the drag acceleration data obtained on the upleg and
dowleg portions of the flight,

In these special curves, drag acceleration was plotted at
appropriate intervals of time referred to rocket lift-off, so that
the upleg and downleg portions described straight lines that inter-

sected at peak time as determined by the equation

tp = (t1+tz) /2 (3.2)
where tp is the peak time, t is in the range 50 sec<t1<125 sec,
and t, is in the range 265 sec{tz< 340 sec. An exception to the

above values of t anci t, occurs in the peak time derived from
the curve of Figure 3,18 (Rocket 9),because this was not 2 normal
* flight, However, it should be noted that if the accelerometer
were capable of making measurements throughouta normal sphere
trajectory, Figure 3,18 would be a typical drag acceleration
curve rather than the exception, and the determination of peak
time would be further simplified,

Peak times, derived in this manner for each flight, are

summarized in Table 3,7, This table also gives a summary of
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sphere ejection times, peak altitudes, and impact times for
Rockets 1 through 9,

The success of any graphical method used for deriving peak
time depends upon the quality of the data obtained on the upleg and
downleg portions of the flight, Excellent data was cbtained on all
flights, thus making it possible for peak time to be determined
with high accuracy in each case,

3.4 RADAR TRAJECTORY DATA

Radar data on the sphere altitude as a function of time
during its flight is required for the determination of a.mbie‘nt at-
mospheric properties, The experimental accuracy of the density
and pressure profiles is limited by the precision with which the
sphere altitude can be determined as a function of time. This
requires that peak altitude (Zo) be determined by radar with a
maximum error of 100 meters,

The DAMP Ship was responsible for radar support of
Project 9.1a rockets during the first part of Fish Bowl, The
DAMP Shipfailed to track Rockets 1 and 2, but some useful
radar data were obtained on Rocket 1 from a partial track made
by the PMR Range Tracker during a practice mission. Radar

coverage by the DAMP Ship was reasonably complete on Rockets
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3 and 4, but the accuracy did not meet the experimental require-
ments stated above, This was probably due in part to uncertain-
ties in the position of the ship, °

The radar data for Rockets 3 and 4 are presented in Tables
3.1 and 3.2, respectively, and were furnished to the project
through the courtesy of Archie Gold from RCA, The tracking
radar used was an AN/ FPQ-4. Included in the tables
are radar data on the flight azimuth and horizontal range as a
function of time, However, this was not a requirement for ob-
taining measurements on the ambient atmospheric parameters.
Except for some scatter in the data,there seem to be no incon-
sistencies in the tabulated values,

For the Falling Sphere measurements following high-alti-
tude nuclear detonations, it was necessary to have the flight
azimuth and horizontal range as a function of time, in addition
to the requirements of altitude versus time stated above, This
is because the atmospheric properties following a nuclear detona-
tion are a function of position relative to the nuclear fireball,

During the second part of the Fish Bowl Series, radar
tracking support was provided by the Range Tracker, Due to its

close proximity to the launch site, skin track of the rocket was
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considered to be satisfactory, It was therefore possible to dis-
pense with the radar beacons used during the first part of the
series when the rockets were tracked by the DAMP Ship., In the
absence of a beacon, radar acquisition was achieved by using an
optical viewfinder during the rocket burn phase.

Rocket 5, launched at H + 10 minutes on Check Mate was
not tracked due to an oversight, However, the remaining four
rockets were tracked with reasonably. good success: Rocket 6,
launched at H + 15 minutes on Blue Gill Triple Prime; Rocket 7,
launched at 2300 hours (local time) on 29 October 1962 to obtain
background data; Rocket 8, launched at H + 10 minutes on King
Fish; and Rocket 9, launched at H + 4 minutes on Tight Rope,

The tracking data is summarized in Tables 3.3, 3.4, 3.5,
and 3.6. Reduction of the radar data was performed by
Umberto Ysnago at the PMR Computer Facility on Johnston Isiand

It was desired to have a radar track at least through the
peak of the rocket trajectory and this was accomplished on three
rockets, Rocket 8 (Table 3.5) was not tracked through peak alti-
tude, but the data obtained was still of considerable value,

It should be noted that the time given in each table corres-

ponded to the length of time the radar had been operating and not
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the time of flight of the rocket. To obtain the latter time, a zero
correction has to be made, This correction is different in each
table and is provided in a footnote, The horizontal range and
azimuth are from the particular radar in use, All data is from
the shipboard FPS 16 unless otherwise specified. The altitude
was measured relative to a plane tangent to the earth at the site
of the radar, These values have been corrected for the curva-
ture of the earth to gis;e actual height above the earth before
being entered in the tables, Where data is not shown in the
tables, there was no radar track of the rocket.

Table 3,4 (Rocket 7) required some clarification,since it
was tracked at various times by one or more of the three radar
systems, System II was the first to acqu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>